Low-jitter single-photon detector arrays integrated with silicon and aluminum nitride photonic chips by Najafi, Faraz et al.
1 
 
Low-jitter single-photon detector arrays integrated with 
silicon and aluminum nitride photonic chips 
 
F. Najafi1,#, J. Mower1,#, N. Harris1,#, F. Bellei1, A. Dane1, C. Lee1, X. Hu1, S. Mouradian1,  
T. Schröder1, P. Kharel2, F. Marsili3, S. Assefa4, K. K. Berggren1,* and D. Englund1,* 
 
1 Research Laboratory of Electronics, Massachusetts Institute of Technology, 50 Vassar Street, Cambridge, MA 02139,USA 
2 Department of Electrical Engineering, Columbia University,1300 SW Mudd, MC4712, 500 West 120th Street, New York, NY 10027, USA 
3Jet Propulsion Laboratory, California Institute of Technolog,4800 Oak Grove Drive, Pasadena, CA 91109, USA 
4 IBM TJ Watson Research Center, Yorktown Heights, NY 10598, USA 
# equal contribution 
*correspondence: berggren@mit.edu, englund@mit.edu 
 
Abstract: We present progress on a scalable scheme for integration of single-photon detectors 
with silicon and aluminum nitride photonic circuits. We assemble arrays of low-jitter waveguide-
integrated single-photon detectors and show up to 24% system detection efficiency.  
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Superconducting nanowire single-photon detectors (SNSPDs [1]) offer high speed [2], low timing jitter [3] and high 
efficiency [4] in the near-infrared, making them promising candidates for integration with on-chip quantum photonic 
circuits [5]. We have developed a micron-scale flip-chip approach that allowed us to assemble large arrays of 
waveguide-integrated single photon detectors (Fig. 1(a)). Instead of directly fabricating the detectors onto the 
photonic chip, which results in low yield for low-jitter SNSPDs [6], we fabricated hundreds of SNSPDs on top of 
membranes, shown in Fig. 1(c), on a dedicated chip. Each detector was tested and only high-performance detectors 
were selected and transferred onto the photonic chip using the membranes as carriers. The assembled detector arrays 
showed sub-60-ps timing jitter (Fig. 1(b)) for single-photon detection events [7].  
 
 
Fig. 1. (a) Optical micrograph of ten adjacent waveguide-integrated single-photon detectors D1-10. The detectors were transferred onto the 
photonic chip on top of ~200-nm-thick rectangular membranes [7]. The red arrows denote single-mode silicon waveguides (~1550nm center 
wavelength). The photodetection signal is measured through on-chip gold pads that make electrical contact with the detectors. (b) Top-
illuminated photodetection delay histogram of D1-10 measured in a cryogenic probe station at 2.8 K base temperature. The timing jitter, defined 
as the full-width at half-maximum of the histogram, is listed above each histogram. (c) Scanning-electron micrograph of a detector fabricated on 
top of a suspended SiNx membrane.  
 
Figure 2 (a) shows a close-up scanning-electron micrograph (SEM) of a single-photon detector on top of a silicon 
waveguide. The detector has a long rectangular shape [5]. Given sub-100-nm proximity between the detector and the 
waveguide, light travelling in the waveguide is gradually absorbed by the detector, resulting in system detection 




Fig. 2. (a) Top-down SEM of a detector integrated with a Si waveguide. The length of the detector is ~ 28 µm. (b) System detection efficiency 
(SDE) vs. noise-equivalent incident power for a directional coupler integrated with two large-coupling-length detectors as shown in (a). 
The SNSPD integration method presented here can be applied to different substrates. Fig. 3(a) shows an SNSPD 
integrated with an AlN-on-sapphire waveguide, also showing sub-60-ps jitter performance (Fig. 3(c)). The AlN-on-
sapphire material system has several distinguishing properties from silicon, including a wide transparency window 
and high piezoelectric transduction efficiency. The ease of SNSPD integration on silicon and AlN waveguides 
suggests that our method would also apply to other photonic chip material systems.  
 
 
Fig. 3. Single-photon detector integrated with a multi-mode AlN-on-sapphire waveguide. The equivalent length of the scale bar (blue) is 5 µm. 
(b) Angled SEM showing the membrane conforming to waveguide and Au pad surfaces. The equivalent length of the scale bar (blue) is 5 µm. (c) 
Top-illuminated photodetection delay histogram of the detector shown in (a,b). 
 
We are currently applying the detector pick-and-place transfer process to photonic circuits with integrated single-
photon sources and quantum memories in diamond [8] in order to assemble a full single-photon circuit on-chip. We 
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Instruments for technical support. 
[1] G. N. Gol’tsman et al., “Picosecond superconducting single-photon optical detector,” Appl. Phys. Lett. 79, 705-707 (2001); 
[2] F. Marsili et al., “Afterpulsing and instability in superconducting nanowire avalanche photodetectors,” Appl. Phys. Lett. 100, 112601 (2012); 
[3] E. Dauler et al., “Multi-Element Superconducting Nanowire Single-Photon Detector,” IEEE T Appl. Supercon. 17(2), 279-284 (2007); 
[4] E. Dauler et al., “Review of superconducting nanowire single-photon detector system design options and demonstrated performance,” Optical 
Engineering 53(8), 081907 (2014); 
[5] J. Sprengers et al., “Waveguide superconducting single-photon detectors for integrated quantum photonic circuits,” Appl. Phys. Lett. 99, 
181110 (2011); W. Pernice et al., “High-speed and high-efficiency travelling wave single-photon detectors embedded in nanophotonic circuits,” 
Nat. Commun. 3 : 1325 (2012); 
[6] A. Kerman et al., “Constriction-limited detection efficiency of superconducting nanowire single-photon detectors,” Appl. Phys. Lett. 90, 
101110 (2007); 
[7] F. Najafi et al., “On-chip detection of non-classical light by scalable integration of single-photon detectors, to appear in Nature 
Communications, preprint at arXiv:1405.4244 (2014); 
[8] S. Mouradian et al., “The scalable integration of long-lived quantum memories into a photonic circuit,” arXiv:1409.7965 (2014) 
